Varying levels (10 5 to 10 7 /egg) of Salmonella Typhimurium were inoculated onto fertile hatching eggs by immersion. After this, the inoculated eggs were untreated (control), water treated, hydrogen peroxide (1.5%) treated, or Timsen treated (n-alkyl dimethyl benzyl ammonium chloride as a commercial bactericide-fungicide). Hydrogen peroxide was superior to Timsen as an egg treatment to eliminate artificially inoculated Salmonella from fertile eggs, but one-third of the treated eggs remained Salmonella positive. This study demonstrates how difficult it is to eliminate Salmonella that contaminate fertile hatching eggs. Until a more effective system or process is devised and commercially implemented, Salmonella and other organisms will continue to pass from one generation to the next through the fertile egg.
DESCRIPTION OF PROBLEM
Laboratory studies have demonstrated that Salmonella can rapidly penetrate the freshly laid fertile hatching egg [1] . These invading Salmonella usually do not cause extensive decomposition to the fertile egg and the chick ultimately hatches [2, 3] . This invasion can result in the establishment of Salmonella reservoirs in commercial broiler [4] and breeder [5] hatcheries and in broilers populations [6] . Very low levels of Salmonella can colonize the intestinal tract of young broiler chicks [7, 8, 9] and unhatched embryos [10] . 1 To whom correspondence should be addressed: ncox@saa.ars.usda.gov.
Other studies [11, 12, 13] have demonstrated that the Salmonella serovars found on the final product (fully processed broiler carcases) predominately originate from hatcheries and breeder flocks. These Salmonella reservoirs will continue to exist until these microorganisms are eliminated from broiler breeder flocks or eliminated from the freshly laid fertile egg by an effective and rapidly applied chemical treatment [14, 15] .
The objective of this study was to evaluate the effectiveness of hydrogen peroxide or Timsen (N-alkyl dimethyl benzyl ammonium chloride) [16] to eliminate Salmonella from fertile 
MATERIALS AND METHODS
Freshly laid fertile eggs used in this study were from commercial broiler breeders raised under experimental conditions. Approximately 100,000 cells of a nalidixic-acid-resistant strain of Salmonella Typhimurium were inoculated onto freshly laid fertile hatching eggs by immersion [17, 18] or by fecal smear [19] . For the immersion inoculations, there were 15 fertile eggs per treatment with two replications. After eggs were warmed to 37°C they were immersed for 1 min in a 20°C bacterial suspension (∼100,000 cells/mL). For the fecal smear inoculations, there were 15 eggs per treatments and six replications. After autoclaved feces were inoculated with ∼100,000 cells/g, 1 g of material was smeared onto the surface of the eggs using a sterile swab. After inoculation, the eggs were held at room temperature for about 1 h to allow the eggs to dry prior to treatment.
Treatments were applied to inoculated eggs with a spray bottle. Each egg was sprayed with 10 mL of one of the following solutions: control (untreated), water, hydrogen peroxide (1.5% solution), or Timsen (0.8 mg/L). Treated eggs were allowed to dry for 1 h prior to microbiological sampling.
The procedure for recovery of the marker S. Typhimurium consisted of breaking the eggshell, discarding the contents, then gently crushing by hand the shell and adhering membranes in 50 mL of buffered peptone in a sterile plastic bag [19] . The bag and contents were then incubated for 24 h at 37°C. After the pre-enrichment step, a sterile cotton swab was soaked in the broth and streaked onto BG Sulfa agar [20] with 200 ppm sodium salt hydrate nalidixic acid [21] . After incubation at 37°C for 24 to 48 h, characteristic Salmonella colony-forming units appearing on the plate were serologically confirmed to be our marker organism. Table 1 shows the data obtained when the eggs were inoculated with 10 5 S. Typhimurium per egg by the fecal smear method. With the H 2 O 2 treatment, the inoculated S. Typhimurium was eliminated from 84 of the 90 eggs treated, whereas Timsen eliminated the organism from only 13 of the 90 eggs. Results were analyzed by the chi-squared test for independence (P < 0.05) [22] . H 2 O 2 was significantly different from all other treatments. However, water and Timsen treatments were significantly different from control treatments but not from each other. Table 2 shows the data when a more stringent method of inoculation was used (the immersion procedure). Once again, although control and H 2 O 2 treatment results differed significantly, neither water nor Timsen treatments differed significantly from either of the other two treatments. The most effective treatment, H 2 O 2 , eliminated S. Typhimurium from only 30% of the inoculated eggs.
RESULTS AND DISCUSSION
In this study, H 2 O 2 was superior to Timsen as a treatment for elimination of S. Typhimurium from fecal-smear-inoculated fertile eggs but less effective in removing the organism from fertile eggs when an immersion inoculation was used. In fact, Timsen was only slightly more effective than the water treatment. However, in contrast to our findings, Timsen has been shown to inhibit bacteria on poultry carcasses associated with spoilage [23] . Also, other research [24] has dem- 
